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Abstract
Properties of b-baryon decay matrix elements (amplitudes) are de-
rived in a nonsymmetric quark model without any use of SU(6), SU(3),
or SU(2) (isotopic spin) groups. Equalities between pairs of matrix el-
ements are derived, and Λ−Σmixing is used to calculate the branching
ratio for the transition Λb → Σ0.
1 INTRODUCTION
High energy accelerators are producing large numbers of heavy baryons whose
decay processes are now being studied experimentally. Recent papers study-
ing heavy baryons have generally been based on the group SU(3) [1,2]. How-
ever, there is no good evidence for SU(3) symmetry in the quark model, and
all of the experimentally satisfied predictions that use SU(3) can be derived
in the quark model without introducing any internal group.
Sum rules for baryon properties can be derived in the quark model by
assuming the dominance of one and two-body interactions that are the same
for each baryon in a particular sum rule. This two-body, baryon independent,
approach was introduced some time ago using SU(6) quark wave functions
[3, 4]. It was later shown to give the same results without introducing any
form of SU(6), SU(3), or SU(2) symmetry for the quark wave functions,
in a ‘nonsymmetric quark model’ [5]. Any predictions for baryons can be
produced by using three-quark spin wave functions, with no use of internal
groups.
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In section 2 of this paper, we describe the nonsymmetric quark model.
In section 3, we use the model to derive relations between matrix elements
of b-baryons. Section 4 is a review of Λ − Σ mixing, which we then apply
to the matrix element for a Λb to Σ
0 transition, which would vanish in the
absence of the mixing. Our results are summarized in Section 5.
2 THE NONSYMMETRIC QUARKMODEL
The nonsymmetric quark model is described in sections III-VI of reference [5].
Here, we give a brief review of how it is used for the properties of spin one-half
baryons.
A quark model wave function is given by
q1q2q3χ1 or q1q2q3χ0 , (1)
where χ
1
and χ
0
are the three-quark spin states
χ
1
=
1√
6
[2 ↑↑↓ − ↑↓↑ − ↓↑↑] (2)
and χ
0
=
1√
2
[↑↓↑ − ↓↑↑] . (3)
The spin states correspond to a three-quark spin state of total spin 1/2 with
the first two quarks having spin 1 (for χ
1
) or spin 0 (for χ
0
).
The quark order is not arbitrary, but must be coordinated with the spin
wave function. For the spin function χ
1
shown above, any two identical
quarks must be chosen as the first two quarks in the wave function. This is
to implement the Pauli principle, requiring identical quarks to be symmetrical
with respect to interchange.
The Pauli principle only applies to two identical quarks like uu or dd,
but not to different quarks like ud. There is no ‘extended Pauli principle’
because the u and d quarks are unrelated in the nonsymmetric model. They
are not taken as two states of a single particle, as is presumed to implement
the isotopic spin formalism.
For ‘flavor-degenerate’ baryons, composed of three different quark flavors,
we choose the quark order to be in the order of their masses. This quark
order will minimize any mixing between flavor-degenerate baryons [6]. The
quark order can be changed, but then the quark spin vectors must be changed
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along with the quark ordering to preserve the proper quark-spin coordination.
(This process will be seen in the examples below.)
No symmetrization of these wave functions is necessary or helpful. The
Pauli principle and the quark-spin structure shown gives the same results as
would any internal group symmetrization.
3 b-BARYONDECAYMATRIX ELEMENTS
In this section, we study decays of the form B → Y (or N) + S, where B is
a b-baryon decaying to a hyperon or a nucleon, plus a neutral object S with
spin-parity (1−) (for instance, a photon, or the J/ψ meson). The transitions
are from a spin 1
2
baryon to a spin 1
2
baryon and a spin 1− meson or photon.
Parity is not conserved in the transitions b → d or b → s, so there will be a
scalar and a pseudoscalar (σ · p) decay amplitude for b-baryon decay.
The two types of transition matrix elements are
scalar : A(B → Y + S) = 〈nsq, η|KbqTbq|nsb, ξ〉, (4)
pseudoscalar : A(B → Y + S) = 〈nsq, η|K ′bqTbqσz(3)|nsb, ξ〉, (5)
where the quark q is either a d or an s quark, and η and ξ are spin states.
Tbq is a transition operator that converts a b quark to a d quark or an s
quark. The constants Kbq and K
′
bq are assumed to be the same (separately)
for each baryon connected by Tbq.
We will only be considering decays of the Ξb and Λb baryons, for which
the first two quarks are in the spin zero state χ0. Then the third quark,
the b quark that decays, will always be spin up. This means that the spin
operator, σz(3), will just equal one, so the pseudoscalar matrix element will
be the same as the scalar matrix element. On the other hand, the Ξ′b has the
first two quarks in a spin one state, so the b quark can be either up or down,
and σz(3) would have to be considered for its decay.
We first study decays where the quark flavor transition is b→ d. For the
transition Ξb → Σ, the decay matrix elements are
A(Ξ0b → Σ0 + S) = 〈usd, χ˜1|KbdTbd|usb, χ0〉
=
Kbd
2
√
3
〈[2 ↑↓↑ − ↑↑↓ − ↓↑↑] [↑↓↑ − ↓↑↑]〉
=
(2 + 1)Kbd
2
√
3
=
√
3
2
Kbd. (6)
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A(Ξ−b → Σ− + S) = 〈dsd, χ˜1|KbdTbd|dsb, χ0〉
=
Kbd
2
√
3
〈[2 ↑↓↑ − ↑↑↓ − ↓↑↑] [↑↓↑ − ↓↑↑]〉
=
(2 + 1)Kbd
2
√
3
=
√
3
2
Kbd. (7)
Note that in these steps, the quark spin vectors for quark 2 and quark 3 had
to be switched from spin state χ
1
to a transposed state χ˜
1
to coordinate with
the switch from uds to usd (and dds to dsd) in the quark order.
Comparing these two equations leads to the relation
A(Ξ0b → Σ0 + S) = A(Ξ−b → Σ− + S) (8)
for the decay matrix elements. In DGGS, this relation is given as
A(Ξ0b → Σ0 + S) =
1√
2
A(Ξ−b → Σ− + S), (DGGS). (9)
The difference in the two results is that DGGS uses the isotopic spin formal-
ism where the ud spin one quark state is given as 1√
2
(ud+ du), with ud and
du considered as two different states. This results in the factor 1√
2
in Eq. (9).
Although the DGGS result differs from ours for the matrix element
A(Ξ0b → Σ0 + S), it gives the same result for the decay rate. The decay rate
to the Σ0 depends on |A|2, for which the DGGS value is one half of ours. But,
in the isotopic spin formalism, the quark states ud and du are two different
states, each of which leads to a separate final decay state. This restores the
isotopic spin decay rate to the same value as given by the nonsymmetric
quark model.
Using the same procedure as above, the matrix elements for other decay
modes of b-baryons for the transition b→ d are given by
A(Ξ0b → Λ+ S) = 〈usd, χ˜0|KbdTbd|usb, χ0〉
=
Kbd
2
〈[↑↑↓ − ↓↑↑] [↑↓↑ − ↓↑↑]〉
=
(0 + 1)Kbd
2
=
Kbd
2
, (10)
A(Λb → n+ S) = 〈udd, χ˜′1|KbdTbd|udb, χ0〉
=
Kbd
2
√
3
〈[2 ↓↑↑ − ↑↓↑ − ↑↑↓] [↑↓↑ − ↓↑↑]〉
4
=
(−2− 1)Kbd
2
√
3
= −
√
3
2
Kbd. (11)
Combining Eqs. (6), (7), (10), and (11) gives the relations
A(Ξ0b → Σ0 + S) = A(Ξ−b → Σ− + S) (12)
=
√
3A(Ξ0b → Λ + S) (13)
= −A(Λb → n + S). (14)
Our equality (12) agrees with the correponding equality (2.18) in DGGS
when the isotopic spin factor 1√
2
is taken into account. The equalities (13)
and (14) differ only in sign with the corresponding equalities (2.20), (2.21),
and (2.22) in DGGS. This sign difference is probably due to different quark
orderings or sign conventions, and would not lead to a difference in branching
ratios.
Decay matrix elements for the quark flavor transition b→ s are
A(Ξ0b → Ξ0 + S) = 〈uss, χ˜′1|KbsTbs|usb, χ0〉
=
Kbs
2
√
3
〈[2 ↓↑↑ − ↑↓↑ − ↑↑↓ −] [↑↓↑ − ↓↑↑]〉
=
(−2− 1)Kbs
2
√
3
= −
√
3
2
Kbs, (15)
A(Ξ−b → Ξ− + S) = 〈dss, χ˜′1|KbsTbs|dsb, χ0〉
=
Kbs
2
√
3
〈[2 ↑↑↓ − ↑↓↑ − ↓↑↑] [↑↓↑ − ↑↑↓]〉
=
(−2− 1)Kbs
2
√
3
= −
√
3
2
Kbs, (16)
A(Λb → Λ + S) = 〈uds, χ0|KbsTbs|udb, χ0〉
=
Kbs
2
〈[↑↓↑ − ↓↑↑] [↑↓↑ − ↓↑↑]〉
= (1 + 1)Kbs/2 = Kbs. (17)
Combining Eqs. (15), (16), and (17) gives the relations
A(Ξ0b → Ξ0 + S) = (Ξ−b → Ξ− + S) (18)
= −
√
3
2
(Λb → Λ + S). (19)
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Equation (18) agrees with Eq. (2.15) in DGGS, and Eq. (19) differs only
in sign with their Eq. (2.16) when the 1√
2
isotopic spin factor is taken into
account.
Because of the orthogonality of the Λb and Σ
0 spin functions, the Λb → Σ0
transition matrix elements vanish:
A(Λb → Σ0 + S) = 〈uds, χ1|K ′bsTbs|udb, χ0〉
=
Kbs
2
√
3
〈[2 ↑↑↓ − ↑↓↑ − ↓↑↑] [↑↓↑ − ↓↑↑]〉
= (−1 + 1)Kbs/2
√
3 = 0. (20)
(21)
We show below that including Λ− Σ mixing leads to a small non-vanishing
branching ratio for the decay mode Λb → Σ0 + S.
4 LAMBDA-SIGMA MIXING
There have been a number of calculations of Λ−Σ mixing in the quark model
[6–12], most of which have relied on SU(3) symmetry and other assumptions.
Here, we summarize the derivation of the Λ − Σ mixing angle in [6], using
the nonsymmetric quark model. The derivative is model independent in that
it does not depend on any feature of the quark interactions, and makes no
use of any group property.
The Λ− Σ transition matrix element is
ǫ = 〈uds, χ
0
|H|uds, χ
1
〉. (22)
Using the nonsymmetric quark wave functions, it is shown in [6] that the
transition matrix element is given by
ǫ =
√
3
4
(D0us −D1us +D1ds −D0ds), (23)
where Dsij is a two-body interaction energy for the two labeled quarks, with
the combined spin of the two quarks being either 0 or 1. The quark mixing
angle θm is then given by
tan(2θm) =
−2ǫ
(MΣ −MΛ) . (24)
6
The combination (D0us −D1us +D1ds −D0ds) is also related to two sums of
baryon masses, so ǫ can be given by either [5]
ǫΣ = (MΣ∗
+
−MΣ∗
−
+MΣ+ −MΣ−)/2
√
3 = −1.07± .02MeV (25)
or1
ǫχ = (Mχ∗
+
−Mχ∗
−
+Mχ+ −Mχ−)/2
√
3 = −1.07± 0.02MeV. (26)
The agreement of these two measures of ǫ supports the assumption of baryon
independence for the two-body interactions. The baryon masses for these
equations have been taken from the experimental summary of PDG [13].
Combining these two values for ǫ, the Λ− Σ mixing angle is given by
θm =
−ǫ
(MΣ −MΛ) =
1.07
77
= 0.014 = 0.80◦ ± 0.02◦. (27)
We have made a small angle approximation for θm. The value θm = 0.80 ±
0.02◦ is the mixing angle value that should be used for heavy baryon decays.
The mixing of the Λ with the Σ0 in Λb → Σ0+ S decay allows this decay
mode to occur, even though their spin wave functions are orthogonal. With
Λ− Σ mixing, the Λb → Σ0 matix element becomes
A(Λb → Σ0 + S) = 0 + sin θm × A(Λb → Λ + S). (28)
Then the branching ratio for the rates of the two decays, including a phase
space correction factor [14] ΦΛb , is
R = ΦΛb
∣
∣
∣
∣
∣
A(Λb → Σ0 + S)
A(Λb → Λ + S)
∣
∣
∣
∣
∣
2
= ΦΛb sin
2 θ
= 1.058(.014)2 = (2.1± 0.3)10−4. (29)
The LHCb collaboration has measured an upper limit ofR < 21×10−4 at
95% confidence level [14]. Our prediction is 10% of that experimental upper
limit.
1The sum rule for ǫχ was originally derived in reference [9] using SU(6) quark wave
functions.
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5 SUMMARY
We have derived a number of relations between b-baryon decay amplitudes
in a nonsymmetric quark model with no use of the SU(6), SU(3), or SU(2)
groups. All our predictions for branching ratios are well below current exper-
imental limits, so tests of the predictions depend on improved measurement
levels.
We have used no group theory, but derived the same branching ratios as
DGGS did by introducing the internal symmetry groups SU(3) and SU(2)
(isotopic spin). The group theory results are the same as ours because the
group Clebsch-Gordan coefficients are the same as the spin addition coeffi-
cients seen in Eqs. (2) and (3).
Implementing SU(3) requires the three quark wave function to be com-
pletely symmetric in spin-space-SU(3) (and antisymmetric in color), which
is only possible if the two sets of coefficients are the same. This explains
why SU(3) sum rules work well, even with quarks of differing masses. It is
not that SU(3) is a good symmetry, but that its Clebsch-Gordan coefficients
must match those of the spin addition.
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